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Abstract. Quantitative changes in DNA, RNA and protein during the entire developmental period--including embryogenesis, larval and pupal stages m in the housefly were determined. The development of housefly from egg to adult takes around
8.5 days at 35 4- 1° C. During the course of embryonic development total RNA
and protein decreased. On the other hand, total DNA increased and registered
peak value in 4 hr old eggs. The calorific content of the developing eggs showed a
decrease from 5649 cal/g dry weight to 5361 cal/g dry weight indicating the utility
of energy reserves during embryonic development. Matured larvae registered
high calorific content (6260 cal/g dry weigh0.
The ratios of DNA/DW (dry weigh0, RNA/DW, Protein/DW, RNA/DNA and
DNA/protein were determined from the data obtained to serve as biochemical
indices of changes in development. Protein/DW levels showed variations during
larval and pupal stages, increased levels being correlated with the synthesis of new
cuticle, etc., prior to ecdysis and the histogenesis of adult tissue prior to emergence.
RNA/DW levels were highest in the young larvae but declined rapidly during development. Sharp increase was also noticed in pupal stage. DNA/DW levels were
very low in the egg but reached highest level in the larvae just emerged and then
declined during further development. RNA/DNA ratio was high in the egg and in
the larvae between 30-60 hr of development.
Keywords. Housefly ; development ; embryogenesis ; biochemical aspects.
1.

Introduction

Housefly is one of the best-knowrt insects from the standpoint of both basic a n d
applied sciep.ce (Matsumura 1975; Slama etal 1974). The demonstration o f
microsomal enzymes in this organism, similar to those occurring in mammals,
makes it a favourable test animal for toxicological studies (Wilkinson a n d
Brattstert 1972; Srinivasan and Kesavan 1977). The development o f housefly
a cyclorrhaphan Diptera, involves a series of morphogep.etic changes. The
development has been characterised biochemically for a number of insects (Chert
1971; Agrell and Lundquist 1973; Ring 1973; T h o m s o n 1975) but such iv.formation is available ortly for certain stages of housefly--mainly embryogenesis a n d
posteclosion period (Painter and Kilgore 1967; Miller av.d Collins 1970; Hall
et al 1976). The study of protein, R N A and D N A levels would appear to be
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a more accurate way of defining different stages cf housefly in biochemical terms.
These data will provide a baseline for its use in elucidating the rt:echanism of
action of toxicants. Considering this, an attempt has been made to quantitate
protein, RNA and D N A throughout the different developmental phases of housefly.
2.

Materials and methods

Housefly Musca domestica nebulo Fabr. has been maintained in our laboratory
at 31 4- 1° C. Techniques used for rearing the flies, collection ar.d incubation of
eggs have been the same as described earlier (Srinivasan and Kesavan 1977).
For growth studies, population size and rearing media were maintained at r.ear
constancy in all work. To ensure greater uniformity of the experimental larvae,
eggs were collected within a period of 30 mira The freshly hatched larvae were
transferred to the beaker containing milk-soaked cotton pads by fir.e brush.
Embryogenesis, larval and pupal development were studied at 35 + I ° C as this
temperature supports maximum rate of development (Srinivasan ar.d Kcsa~an
1978).
Eggs, larvae and pupae were washed with distilled water, dried on filter pay.or
and weighed on art electrobalance for wet weight. For dry weight, the samples
were kept in an overt maintained at IO0°C for 6-8 hr and then weighed.

2.1.

Analytical procedures for DNA, RNA and protein

The sample size taken was around 100 mg wet tissue. It was homogenised in
0.3M perchloric acid (PCA) (1 ml being used for 20 mg of material). The
sample was chilled for at least 10 rain on ice and the insoluble fraction was collncted by centrifugation. The pellet was then extracted with cold 0.3 M PCA,
ethanol ethanol-ether (3 : 1) and ether. The washed pellet was finally extracted
twice with 0.5M P e A for 30 min at 70 ° C. The combined supernatants from
the two perchloric acid extractions (70 ° C) were used for measurement of DNA
and RNA. The sediment was solubilised in 1N sodium hydroxide at 60°C for
1 hr for proteirt extraction as suggested by Bhargava and Halvorson (1971). DNA
was estimated with diplaeaylamine reagent (Burton 1956) using calf thymus DNA
as standard. RNA was estimated with orcinol (Dische 1955) using yeast RNA
as standard. Protein determination was carried out by the method of Lowry
et al (1951) using bovine serum albumin (BSA) as standard. The values indicated ia the text figures represent average of three determinations.
2.2.

Estimation of calorific content

Calorific content was determined with a PARR 1412 semimicrobomb calorimeter
following the procedure given by Pandian (1969).
2.3.

Chemicals

Yeast RNA, calf thymus DNA, bovine serum albumin, diphenylamiv.e avA orcinol
were products of Sigma Co., USA. All other reagents were of analar grade
obtained from BDH.
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Results

The wet and dry weight changes during the development of housefly are given in
figure 1. Zero to 30 rain old eggs weigh around 60pg/egg and fleshly hatched
larvae around 55/~g/egg. A dramatic increase in weight is seen between 28 and
48 hr. The maximum wet weight is registered by the larvae around 70 hr. which
then declines before pupariation. The decrease in weight is quite sharp around
8 hr and 24 hr after puparium formation. During the middle of the pupal period,
an ir~crease in weight is evident. The freshly emerged male and female adults
weigh only about 55% of maximum larval weight.
The changes in calorific content during embryonic and larval development are
given in figures 2 and 3 respectively. Calorific conter.t is 5649 cal/g dry weight
in freshly laid eggs; art initial increase upto 5838 cal/g dry weight in 2 hr old eggs
is followed by a remarkable decrease during the ensuing stages. The calorific
content of the larvae increases till 60-70 hr reaching around 6260 cal/g dr)'
weight. There is a drop in calorific content in the larvae prior to pupariation.
The results of the determinations of protein quantity during different phases
of embryonic development are shown in figure 4. Protein content begins to
increase in the first hour and then decline sets in. Around 7th hr, the decrease
is about 40% from that of the value recorded in 0-30 rain old eggs. The quantity of RNA changes drastically during the first hr and shows about 50% decrease
after 7 hr incubation (figure 5). Contrary to these, DNA shows significarLt increase
during embryogenesis (figure 6). Very little I)NA (0.6 pg/mg of eggs) is present
at the time of oviposition. The peak DNA concentration is 11 pg/mg of eggs,
a 18.2 X increase in 4 hr old eggs.
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larval stages of housefly were reared on milk, the
and protein are presented in ratios to dry weight
by Ring (1973). The development of larval and
convenience, in terms of hours from the time of
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Protein/DW levels fluctuate during larval life showing peaks, around 8-9 hr
and 24 hr (figure 7), the freshly hatched larvae have slightly a higher protein content
thart eggs. The minimum value is found around 30 hr and a slow increase is evident in the larval period till puparium formation. In the pupal stage the values
show a drop in the first 24 hr corresponding to the histolysis of larval tissues but
increase again to reach prepupal level as a result of histogenesis and differential
tion of adtdt tissues.
RNA content cart be considered as art index of the capacity of an organism for
protein synthesis (Ring 1973). Total RNA is, therefore, a measure of the potential
rate of protein synthesis. Although RNA/DW levels in the eggs are high, young
larvae record the maximum (figure 8). The level rapidly decreases by about 60~
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Figure 7. Protein/DW ratio during development of housefly.
Egg

Larva

0.24
0.20
@

0.16

0.12
E
Z
r~

E

0,08
00~
Egg ~_ :ZO

Larva

~.'0

;o

l

lOO

I

12o

I

140

I

160

Adult emergence

~-Pupar~um formation
De,,etopmerit (hr)

Figure 8. RNA/DW ratio during development of housefly.

I

_~

A Srinivasan and P C Kesavan

158

around 30 hr. In pupal stage characteristic decrease in RNA levels is evident in
the initial hours as observed for protein. Newly emerged adults have RNA
levels equivalent to that of 80 kr old larvae.
The RNA/protein ratio curve exkibits fluctuations having peaks around 18 and
30 hr old larvae (figure 9). Thereafter it shows steady decline to nearly 10-15~o
of its peak value. In the middle of the pupal period a slight increase is evident.
DNA/DW level is very low in the egg but it registers a high value in the just
emerged larvae (figure 10). Larvae of 36 and 48 hr old exhibit small peaks and
the increase is quite marked in the pupal stage. The loss of wet weight associated
with pupation is not acccmpanid by loss oi DNA. DNA/protein ratios presen
a pattern similar to that of DNA/DW (figure 11).
The RNA/DNA ratio can be regarded as an index of protein synthesis capacity
per cell. The ratios are high between 30 and 60 hr of larval development and at
small increase is also observed in pupal stage around 130 hr (figure 12). Extremely
high values of RNA/DNA ratio in the eggs indicate the bigh degree of synthetic
activity that takes place during embryogenesis.
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4.

Discussion

There is a variety of ways for measuring growth in insects based on physical,
physiolog(cal and biochemical parameters (Church and Robertson 1966; Bursell
1970; Ring 1973). In the present study much attention has b0en given to characteriso the growth of housefly biochcmically.
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RNA/DNAratio during development of housefly.

During embryogenesis marked changes in the total macromolecules were
observed because of cell division and differentiation of tissues. Housefly eggs
have a higher RNA content as the oocyte is supplied with RNA by nurse cell
during oogenesis (Chert 1971). RNA/DNA ratio is remarkably high which
indicates the high protein synthetic capacity of the system. Art increase in protein
content was observed in 1 hr old eggs with a corresponding decrease of RNA from
the original level suggesting that RNA is used for protein synthesis.
The biological events accompanying embryonic development could be associated either with changes in the levels of enzymes already present or with the
appearance of new enzymes during development. Margulies and Chargaff (1973)
and Harris and Forrest (1971) found comparable changes in DNA and RNA polymerase activity in the course of embryonic development of Drosophila and Oncopeltus. In this regard the enhanced protein content in I hr old housefly eggs
possibly has some significance. The decreasing RNA c6ntent curve has a small
peak in 4 hr old eggs (figure 5) irtdicating the synthesis of new RNA which may
correspond to the morphogenetic movements (segmentation and differentiation
of organ system) during this period. Blevins (1973) showed that in Aedes aegypti
synthesis of RNA is very limited during embryogenesis. The decrease in total
RNA during embryonic development was also observed by Painter and Kilgore
(1967) in housefly eggs. However, RNA content per milligram of eggs reported
by these authors is much lower than the values observed in the present studies.
DNA content showed an increase during embryonic development. Although
Painter and Kilgore (1967) observed a lag period of 1 hi, there was no evidence
of it in the present study. By injection of labelled precursors and autoradiographic analysis, Lockshirt (1966) observed that in coleopteran egg (Leptinotarsa
decemlineata artd Dermestes maculta) thymidine was incorporated into nuclei
at all early developmental stages. Harris and Forrest (1967) studied DNA
synthesis in the developing embryos of Oncopeltus and showed that DNA increases
rapidly upto gastrtdation. Nuclear divisions are characteristically rapid in house-
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fly eggs as in Drosophila melanogaster and a complete mitotic cycle takes around
8 rain (West et al 1968). As in many other organisms, the insect egg contains
a large amount of cytoplasmic DNA and this storage DNA is believed to supply
precursors through the action of nucleases for such rapid nuclear multiplications
(Muhamm~d etal 1967).
The relative changes in the calorific content of housefly eggs during embryonic
development are similar to those reported for the isopod Ligia oceanica (Par, dian
1972). The steady decrease in the protein content parallels the decrease in energy
content suggesting that the decrease may be partially attributed to the oxidation
of the protein yolk, a protein carbohydrate complex which along with lipid yolk
is the main form of food reserve during embryogenesis (Chapman 1969).
With regard to the post embryonic development, housefly could not be analysed
separately as there is no satisfactory method of separating them until adult emergence (Painter 1972). Relationships between growth and biochemical parameters have been reported by a number of authors for specific tissues or for specific
stages in the life cycle of insects (Chert 1971 ; Agrell and Lundquist 1973). RNA
content can be considered as art index of the capacity of the organism for protein
synthesis and DNA content an estimate of cell number (Blevins 1973 ; Ring 1973).
The decrease in DNA/DW ratio in the larval stages could be due to the increase
in cell size that occurs during development since it is known that in cyclorrhaphan
Diptera larval growth in most tissues is restricted to art increase in cell size and
not to art increase in cell number. However, the fluctuations in DNA/DW ratio
between 30 and 60 hr old larvae suggest the synthesis of DNA which may contribute to the increase of nuclear volume (Agrell and Lundquist 1973).
The results obtained with RNA/DW and protein/DW and RNA/DNA ratios
reflect cyclic secretion of new cuticle, development of imaginal discs, etc. In fact
the pulse incorporation of injected 2-14C-glycine into total protein of the silkworm was shown to be parallel to that of RNA/DNA ratio (Tojo 1971). During
the pupal stage, which is essentially a closed system all parameters showed decline
initially coinciding with the histolysis of larval tissues and a rise from the middle
of the period when histogenesis arid differentiation of adult tissues occurred. The
changes in R N A values during metamorphosis were similar to earlier observations
made on other insects (Chinzei and Tojo 1972; Alonso 1973; Ring 1973).
Since current trends in bioassay methodology require entire life cycle tests,
housefly system with its short life span seems to be ideal for investigating the
damage induced by toxicants.
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